This report describes the first diagnosis of porcine circovirus (PCV) infection in weaned pigs with postweaning multisystemic wasting syndrome in Korea by immunohistochemistry and polymerase chain reaction. The most unique lesions were multifocal granulomatous inflammation affecting lymph nodes, liver, and spleen, characterized by infiltrates of epithelioid macrophages and multinucleated giant cells. Circoviral antigen was detected in formalin-fixed sections and was usually present in large, round, dendritic cells in the white pulp of spleen and remnants of follicles in lymph nodes. Lymphoid follicles in the tonsils also contained PCV antigen. A 530-bp DNA fragment of circovirus was successfully amplified from all tested lymph nodes, liver, and spleen.
The lesions of postweaning multisystemic wasting syndrome (PMWS) were first seen in western Canada. 4 Since then, PMWS has been described in the USA, 1, 8, 11 Ireland, 7 and Spain, 12 and a similar disease with the same lesions known as piglet wasting disease has been described in France. 9 Postweaning multisystemic wasting syndrome is a new porcine disease that affects mainly nursery and early growing pigs and clinically is characterized by poor body condition, dyspnea, pallor of the skin, and, sometimes, icterus. Porcine circovirus (PCV) antigens and nucleic acids have been detected in tissues of pigs with PMWS. 1, 4 The demonstration of PCV antigen and nucleic acid, closely associated with lesions in a wide range of tissues from diseased pigs, has led to speculation that PCV may be an etiologic agent of PMWS, and lesions of PMWS have now been reproduced in gnotobiotic pigs. 5 Porcine circovirus has been classified in the family Circoviridae along with other animal viruses, such as chicken anemia virus and psittacine beak and feather disease virus, that share the distinctive genomic structure of a covalently closed, circular, negative sense, single-stranded DNA molecule. 13, 15 Two types of PCV have been detected and characterized and subsequently named PCV1 and PCV2. 1, 10 The PCV1 virus has been recognized as a contaminant in a porcine cell line (PK-15) for more than 25 years. 14 The PCV2 has less than 80% nucleic acid homology with PCV1 and is consistently found in pigs with PMWS. 1, 6, 10 This report describes the first diagnosis of PCV2 infection in Korean pigs with PMWS by immunohistochemistry and polymerase chain reaction (PCR).
A 200-sow, continuously farrowed swine unit (herd 1) experienced poor growth in approximately 10% of weaned pigs. The herd was affected for several months, and the av-erage postweaning mortality for the period was 18%. Clinical signs, including wasting, dyspnea, and icterus, were seen in affected pigs 56-70 days of age. Herd 2 had a 5-6% incidence of dyspnea, depression, and ill thrift in the postweaning age group of pigs. No detailed histories were available for herd 3. Antibiotic therapy did not show any beneficial results in the three herds. One weaned pig from each herd was submitted for detailed examination. Gross lesions were similar in the three weaned pigs. The inguinal lymph nodes were enlarged, up to four times normal size, and were firm and homogeneous white on cut surfaces. The lungs were diffusely noncollapsed, heavy, and firm or rubbery throughout all lobes. The liver of one pig from herd 1 showed mottling due to randomly scattered patches of yellow to orange discoloration.
Samples of lymph node, lung, liver, kidney, spleen, tonsil, and large and small intestine were collected from all three animals, fixed in 10% neutral buffered formalin, routinely processed, and embedded in paraffin. Five-micrometer-thick sections for histologic examination and immunohistochemistry were cut from the same blocks. No serologic test for porcine reproductive respiratory syndrome virus or porcine parvovirus was performed tested in the three weaned pigs.
For immunohistochemistry, sections cut from blocks of embedded tissue were reacted with diluted rabbit anti-PCV polyclonal antiserum. 4 After reaction with the primary antibody, tissues were incubated with appropriate secondary antisera before the reaction product was visualized by an avidin-biotin complex technique as previously described. 4 Samples of lymph nodes and liver were collected and stored at Ϫ70 C. Total DNA was isolated from 25 mg of lymph node, liver, or spleen tissue with a commercial kit. a As a positive control for PCR, DNA isolated from circovirusinfected PK-15 (ATCC CCL-33b) b was used. 2 The sense and antisense primers were 5-CAGCGGCAGCACCTCGGCA-GCGTCAGT-3 and 5-TCCAATCACGCTGCTGCATC-TTCCCGC-3, respectively. PCR was performed in 30 cycles with the following parameters: denaturation at 94 C for 20 seconds, annealing at 61 C for 20 seconds, and elongation at 72 C for 45 seconds. 11 Microscopic lesions were similar for all three pigs in lym- phoid tissues, liver, spleen, kidneys, intestine, tonsils, and lung. The most unique lesions were multifocal granulomatous inflammation affecting multiple lymph nodes, liver (Fig.  1) , and spleen, characterized by infiltrates of epithelioid macrophages and multinucleated giant cells. Lymph nodes exhibited depletion and coagulative necrosis of follicular centers. In the liver, inflammatory cells were infiltrated predominantly in portal areas or were randomly scattered in hepatocytes. In the kidneys, there was multifocal lymphohistiocytic interstitial nephritis and pyelitis. Inflammatory foci were surrounded by zones of fibroblast proliferation affecting mainly the peripelvic connective tissues. Peyer's patches and tonsils exhibited marked depletion of lymphocytes. Lesions of bronchointerstitial pneumonia were apparent in the lung tissue. Alveoli contained neutrophils, macrophages, and fibrinonecrotic debris. No typical intracytoplasmic inclusion bodies were observed in nonlymphoid or lymphoid tissues examined. Circoviral antigen was detected in formalin-fixed sections and was usually present in large, round, dendritic cells in the white pulp of spleen ( Fig. 2) and remnants of follicles in the lymph nodes. Lymphoid follicles in the tonsils also contained PCV antigen. Viral antigen was not identified in lymphocytes. A 530-bp DNA fragment of circovirus was successfully amplified from all tested lymph nodes, liver (Fig. 3) , and spleen.
Positive immunohistochemistry of lymph nodes in pigs in Korea with polyclonai rabbit antiserum raised against purified circovirus that was isolated from PMWS cases in western Canada demonstrates an antigenic cross-reaction between the circovirus isolated in Canada and the virus found in these Korean pigs. The clinical syndrome described here for these weaned pigs is similar to that described as PMWS in other countries. 3, 4, 9, 12 However, typical intracytoplasmic inclusion bodies, a hallmark of PMWS, was not seen in all cases. 4, 8 As in all countries where PMWS has now been seen, it is not possible to determine where this new viral disease originated. Approximately 2,500 gilts have been imported into Korea from Canada in the last 4 years, according to the National Veterinary Research and Quarantine Services in Korea (personal communication). Canadian gilts were not imported into these three particular herds. However, further studies are needed to determine the transmissibility of this disease.
Neonatal enterocolitis associated with coronavirus infection in a foal: a case report
Elizabeth Davis, Bonnie R. Rush, Judy Cox, Brad DeBey, Sanjay Kapil Coronaviruses are large, enveloped, positive-strand RNA viruses that cause disease in a wide range of animal species including cattle, pigs, cats, rabbits, poultry, mice, rats, humans, and nonhuman primates. 11, 13, 16 All coronaviruses belong to three antigenic groups, designated I, II, and III; bovine coronavirus (BCV) is a member of the antigenic group II. 2, 13 In cattle, coronavirus infection causes severe diarrhea in calves and contributes to the pathogenesis of winter dysentery in adults. 2, 16, 21 Bovine coronavirus produces diarrhea in neonatal animals, whereas chronically infected adult animals are often a source of the coronavirus. 2, 13 Bovine coronavirus results in damage to the villi of the intestinal mucosa, resulting in loss of absorptive capacity. Electrolyte transport and loss of intestinal enzymes occur secondary to epithelial loss, leading to malabsorptive diarrhea. 4, 16, 21 Although coronavirus-induced enteritis has been suspected in foals with diarrhea, direct pathogenicity of this virus in the horse has not been confirmed. 6 Coronavirus-like particles have been identified in horses with Potomac horse fever and in young foals suffering from fatal enterocolitis. 1, 6 This report describes a protracted case of neonatal enterocolitis associated with coronavirus infection in a foal. This diagnosis was supported by the demonstration of rising serum titers to coronavirus and detection of coronavirus antigens in the feces and intestine by antigen-capture ELISA and immunohistochemistry, respectively. A 5-day-old quarter horse filly was presented to the Kansas State University Veterinary Medical Teaching Hospital (VMTH) with a history of severe diarrhea that started on the second day of life. Soon after birth, the foal could rise and nurse, although not vigorously, thus it was highly susceptible to environmental enteric pathogens. Because of deterioration in condition, the foal was presented to the VMTH. Upon presentation, the foal was depressed and recumbent and nursed with limited assistance. Physical examination revealed pitting edema and hypothermia involving the distal portion of all four limbs; dehydration was estimated to be 8%. The complete blood count revealed an inflammatory leukogram with a regenerative left shift, anemia, and thrombocytopenia. The total plasma protein was low, whereas the plasma IgG concentration was Ͼ800 mg/dl, indicative of adequate passive transfer of maternal antibody. a Serum albumin was very low at 0.87 g/dl (reference range ϭ 3.0-4.0 g/dl). A history of watery diarrhea, hypoproteinemia, and dehydration led to a differential diagnosis that included viral or bacterial enterocolitis. Medical therapy included broadspectrum antibiotics, intravenous polyionic fluids, nonsteroidal antiinflammatory medication, antiulcer medications, and plasma transfusion.
Fecal samples were obtained for electron microscopic 5 examination for enteric viruses. In addition, an antigen-capture ELISA specific for coronavirus 14 was performed on fecal samples. Additional diagnostic tests included bacterial cultures on five separate fecal submissions and acute and convalescent serologic titers for coronavirus in the foal and coronavirus titer on the mare's serum collected at the same time as the foal's convalescent sample. 8 
